In recent years, an increasing number of studies examining the sequelae of whiplash injuries were performed. Patients who suffered whiplash injury have been found to complain of a variety of symptoms such as neck pain,
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2. Negative history of head trauma or persistent neurological disfunctions. 3. German as the patient's native language (because all tests were administered in German language). 4. Age less than 55 years (patients' age was limited to exclude possible age-related cognitive impairment).
From 131 consecutively referred patients, 31 failed to meet the criteria, while 14 additional patients dropped out at the follow-up examination. Patients in the present study [n = 86; mean age = 31.1 (SD = 9.5); mean educational attainment = 12.7 (SD = 2.6); female: n = 51, male: n = 35; patients at fault: n = 20 (24%); rear-end accidents (i.e., struck from behind): n = 50 (58%); mean interval between accident and baseline examination = 7.3 days (SD = 4.0)] were injured exclusively in automobile accidents and were fully covered by accident insurance. The results of these 86 patients were compared with 11 normal volunteers [mean age = 31.6 (SD = 5.0); mean educational attainment = 13.5 (SD --2.5); female: n = 9, male: n = 2]. There were no significant differences (p > 0.05) in age, educational attainment, or gender between normal volunteers and whiplash patients.
According to self-reported health status at the 6-month examination, the patient group (n = 86) was divided into asymptomatic (patients who fully recovered) and symptomatic groups (still-symptomatic patients). The groups' results from both baseline and 6-month examinations were compared. Basic data of these groups are presented in Table 1 .
Examinations of whiplash patients included a complete physical and neurological examination, cervical spine X-rays (only at baseline), a semistructured interview, and a set of forreal tests.
Interviews focused on subjective complaints and screening for utilized medication. Medication used within 48 hours before the actual examination was coded according to its possible influence on cognitive abilities (i.e., psychotropic substances such as benzodiazepines or analgesics containing muscle relaxants were considered to possibly influence cognitive abilities).
Formal testing included the following.
Learning and memory.
According to the employed definition of whiplash there is no rationale for brain damage, and insofar a material specific memory impairment should not be expected. For this reason we decided to employ a test which is most reliable in assessing quantitative and qualitative aspects of learning and memory. The California Verbal Learning Test (CVLT) by Delis, Kramer, Kaplan, Ober, & Fridlund (1987) has been considered a test assessing both levels and underlying strategies of performance (Crosson, Novack, Trenerry, & Craig, 1988) . As the CVLT is widely used in clinical routine, it is be described in detail. A German version of the CVLT prepared by Dr. J. Ilmberger was used. In analyzing performance on CVLT, we followed mainly the suggestions of Crosson et al. (1988) : As there can be wide variations in the number of List A items recalled in the learning trials, it is not useful to take the absolute number of perseverations and intrusions for statistical analyses (e.g., the presence of one intrusion for a patient who recalled two List A items has a different significance as the presence of one intrusion for a patient who recalled 15 List A items). For this reason, the number of intrusions and perseverations was set in relation to the total response output (i.e., correct answers + intrusions + perseverations) in each trial. Thus, intrusions and perseverations were calculated as a percentage of the total response output. Production of clusters depends directly on the number of correctly recalled items. Thus, if a patient would recall more List A items, he/she would have a greater opportunity to make cluster responses. To equate the patients for the number of possible cluster responses, the number of actual cluster responses was expressed as a percentage of the total possible cluster responses. To test the present study's hypothesis the assessment of the performance on CVLT was analyzed in relation to attentional functioning which included the following:
Attention span was assessed for the auditory modality by the Digit Span, a subtest from Wechsler memory scale (Wechsler, 1945) and for the visuospatial modality using the Corsi Block Tapping Test (Milner, 1971) . Scoring for both was total items recall, in forward and reverse order.
Focussed attention was tested by the Number Connection Test (Oswald & Roth, 1987) , which requires connecting numbered circles from 1-90 in order as quickly as possible. The final score is the average time in seconds of the four performed trials.
Speed of information processing was assessed using the Trail Making Test, Parts A and B (Reitan, 1958) . Trail Making Test Part A requires connecting consecutively numbered circles whereas Part B involves alternating letters and numbers. Scoring was time in seconds to finish each of the parts.
Divided attention was measured using the Paced Auditory Serial Addition Task (PASAT) by Gronwall (1977) . While listening to a recorded series of single digits, patients have to continuously add up digits, always two at a time: the second to the first, the third to the second and so on, verbally reporting each sum to the clinician. In the applied version this test consists of five trials containing 60 digits each. The intervals between consecutive digits for the five trials were 2.4, 2.0, 1.6, 1.2, and 0.8 seconds. Performance was recorded by the average error score of the completed trials.
At baseline and the follow-up examinations, parallel versions of CVLT and Trail Making Test were used alternating.
Statistical analyses were performed using the Statistical Package for Social Sciences (SPSS-X, 1988).
RESULTS

Prerequisite Results
At the follow-up examination, 28 patients subjectively reported persisting injury-related complaints (above all headache and neck pain), and are referred to as the symptomatic group. The reported subjective complaints of this group are shown in Table 2 . The remaining 58 patients reported complete remission during follow-up (asymptomatic group). At baseline, symptomatic patients indicated significantly more forgetfulness, whereas there were no differences between the groups regarding concentration problems (Table 3) .
At baseline, medication possibly influencing cognitive performance (from the following main pharmacological groups: benzodiazepines, hydroxyzine, barbiturates, chloroxazone) was utilized by 54% of patients who at 6 months comprized the symptomatic group and 24% of patients who were asymptomatic at 6 months (Z2 = 5.6, p < 0.01). At the follow-up examination, 29% of symptomatic group patients still utilized medication possibly compromizing cognitive abilities. Furthermore, asymptomatic and symptomatic groups differed with regard to the average length of educational attainment (Table 1) . To clarify possible influence on test performance due to group differences in educational attainment and utilized medication, the following analyses were performed: the influence of educational attainment on the variables from CVLT was tested using Person's correlation coefficient (r). The influence of utilized medication (possibly influencing cognitive ability vs. no medication or medication without influence on cognitive ability) on test performance was tested using Mann-Whitney test.
Correlations between educational attainment and the 39 variables from CVLT at baseline and follow-up examination varied between r = -0.25 and r = 0.20, one of which proved significant (p < 0.05). At baseline and 6-month examinations, there was no significant influence aA combination of symptoms should be considered. bSubjects stated increasing levels of fatigue during the day due to involvement in different activities (no chronic fatigue was assessed). Cphobic reaction as a consequence of being a driver (most subjects avoided driving after the accident) or passenger in congested traffic. Post-traumatic stress disorder according to DSM-IU-R (30) could not be diagnosed. In particular, it was considered that the accident did not fulfill the criteria of being outside the usual human experience as required by the DSM-HI~-R. dDifficulties in falling asleep or sleep interruption, due to pain exclusively.
of the utilized medication on test performance as assessed by Mann-Whitney test with Bonferroni correction. To further clarify the possible side effects of the drugs on cognitive skills, a subgroup analysis was performed. Symptomatic patients at follow-up examination were divided into a group using no medication (71% of symptomatic patients) and a group using medication with possible influence on cognitive performance (29% of symptomatic patients). It seems noteworthy that all patients from the latter group complained about headache. Cognitive test performance of both groups was compared by Mann-Whitney U Test with Bonferroni correction. None of the learning and memory variables as assessed by CVLT showed signifi- Regarding learning and memory and attention, symptomatic patients complaining about headache at follow-up examination (82%) were compared with those symptomatic patients without headache (18%). The Mann-Whitney U Test analyses with Bonferroni correction showed no significant influence of headache on the mentioned cognitive variables.
Symptomatic patients with headache or with medication at follow-up examination did not report more subjective concentration problems or forgetfulness than those symptomatic patients without headache or medication, as chi-square tests showed.
Results on Learning and Memory Testing
Learning trials at baseline examination. Correct answers, perseverations, intrusions, and clusters were analyzed by performing one multivariate analysis of variance (MANOVA) for each. Each analysis was a 2 groups (asymptomatic vs. symptomatic) • 5 learning trials analysis of variance (ANOVA) with repeated measures on trials. For correct answers (Table 4) there was no significant difference between the groups (p > 0.05). For both, the asymptomatic and symptomatic groups there was a significant improvement (i.e., increase in output) in correct answers during five learning trials, F(4, 336) = 296.43, p < 0.001.
There was a significant decrease in the proportion of intrusions (Table 5 ) as related to the total response output during five trials, F(4, 336) = 76.43, p < 0.01, for which, however, no significant difference between the asymptomatic and symptomatic groups was found (p > 0.05). There was a significant increase of the proportion of perseverations (Table 6) during the five learning trials, F(4, 336) = 10.43, p < 0.001, however, lacking significant differences between the groups (p > 0.05).
There was a significant increase in cluster production during learning trials, F(4, 332) = 21.15, p < 0.001, in both the asymptomatic and symptomatic group (Table 7) . There was no significant difference between the groups in this regard (p > 0.05).
Learning trials at 6-month examination. All four MANOVAs as performed at baseline were repeated at the 6-month examination. However, neither for the sum of correct answers (Table 4) , nor for the proportion of perseverations (Table 6 ), or intrusions (Table 5 ) nor for the sum of produced clusters (Table 7) , there were differences between the asymptomatic and the symptomatic groups (p > 0.05). The results show a significant increase of the sum of correct answers, F(4, 336) = 210.35, p < 0.001, and of the proportion of clusters, F(4, 336) = 27.07, p < 0.001, a significant decrease of the proportion of intrusions, F(4, 336) = 3.96, p < 0.01, and a significant variation in the proportion of perseverations, F(4, 336) = 3.03, p < 0.05, during the five learning trials in both groups.
List B at baseline and 6-month examination. At both baseline and 6-month examination, ANOVAs with group (asymtomatic and symptomatic) as factor variable revealed no significant differences (p > 0.05) in respect to the sum of correct answers in List B (Table 4) , proportion of intrusions (Table 5) and perseverations (Table 6 ) or sum of clusters (Table 7) .
Delayed recall trials at baseline examination. Regarding correct responses, MANOVA (Groups • Delays • Trial types) (2 • 2 • 2) revealed no significant difference (p > 0.05) between the asymptomatic and symptomatic groups (Table 4) . Moreover, there was no significant influence of two delays or two trial types (p > 0.05). Analyses of intrusions (Table  5) and perseverations (Table 6 ) (both as a percentage of total response output) were calculated by MANOVA, whereby no differences were found between the groups (p > 0.05). 
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There was no influence on percentage of intrusions and perseverations due to delay type. However, significant influence was calculated for the trial type (regarding intrusions: F(1, 84) = 7.40, p < 0.01; regarding perseverations: F(1, 84) = 14.39, p < 0.001. The proportion of produced clusters was caluculated as described for learning trials in a 2 groups x 2 trial types ANOVA with repeated measures on trial. In regard to cluster production (Table  7 ) a significant group difference was found, F(1, 84) = 4.25, p < 0.05. There was a significant improvement in the two trials, F(1, 84) = 13.34, p < 0.001. To test our hypothesis whether group differences in memory performance as found in delayed recall cluster production may be due to different levels of attentional functioning, we performed six ANCOVAs (2 groups x 2 trial types with repeated measures with alternatively one of six scores of the attentional testing as covariable). By these analyses, the group difference in cluster production did not reveal a significant level (p > 0.05), when the effect of Digit Span, Corsi Block Tapping, Trail Making Test-Part A, Trail Making Test-Part B, Number Connenction Test, or PASAT was parcelled out.
Delayed recall trials at 6-month examination. With regard to correct answers (Table 4) there were no differences between the asymptomatic and symptomatic groups as calculated by MANOVA (p > 0.05). However, the influence of the trial type, F(1, 84) = 4.97, p < 0.05, and of the delay type, F(1, 84) = 4.01, p < 0.05, on the proportion of correct answers was significant. The groups did not significantly differ in regard to the proportion of intrusions (Table 5) or perseverations (Table 6) . A significant influence of trial type on perseverations, F(1, 84) = 14.89, p < 0.001, and intrusions, F(1, 84) = 5.80, p < 0.05, was found. The MANOVA for clusters (Table 7) was performed as described for the baseline examination and did not reveal significant group differences nor differences due to the delay type (p > 0.05).
Recognition trial at baseline and 6-month examination. As computed by one-way ANOVA, at baseline and 6-month examination (Table 4 ) the groups did not significantly differ in recognition performance (p > 0.05).
Learning and memory results of the control group.
To test the level of performance and changes in performance due to retesting in both patient groups, a group of normal volunteers underwent the same testing procedure as the patients group during a 3-month interval. The performance in CVLT (correct answers, intrusions, perseveration, and clusters) was analyzed using one-way ANOVA (three groups, i.e., asymptomatic, symptomatic, and normal volunteers as factor variable) and employing Tukey test. At the initial investigation (corresponding to baseline examination in the patients group) normal volunteers differed significantly only in 1 of 39 tested variables from asymptomatic and symptomatic groups. On retesting (corresponding to the 6-month examination in the patients group) 2 out of 39 variables showed significant differences.
Relationship between objective test results and subjective cognitive complaints. To clarify the relationship between subjective complaints of forgetfulness and concentration problems on one part and the objective test results on CVLT on the other, the learning and memory performance of those patients complaining of these symptoms was compared with the learning and memory performance of the asymptomatic patients and those symptomatic patients not complaining of these symptoms. At follow-up examination, patients complaining about forgetfulness did not perform worse in any variable of the CVLT, as compared by MannWhitney test. Patients complaining about concentration problems performed worse in 3 out of 39 CVLT variables.
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Results on Attentional Processing
Results of asymptomatic and symptomatic groups and the group of normal volunteers are presented in Table 8 . One-way ANOVA with Tukey test was employed to compare the results on attentional tests. At baseline, symptomatic group scored significantly worse (p < 0.05) than normal volunteers in Digit Span, Number Connection Test, and PASAT. At follow-up examination, no significant differences were found between the three groups.
Relationship between objective and subjective attentional results. To clarify the relationship between subjective complaints of forgetfulness and concentration problems on one part and the objective test results on attentional processing on the other, the attentional performance of those patients complaining of these symptoms was compared with the attentional performance of the asymptomatic patients and those symptomatic patients not complaining of these symptoms. Patients complaining about forgetfulness at 6-month examination did not perform worse in either of the attentional tests as compared by Mann-Whitney test. In contrast, those 14 patients, who complained about concentration problems at follow-up examination, performed significantly worse in Corsi Block Tapping Test (U = 230.5, p < 0.01), Number Connection Test (U = 323.0, p < 0.05), Trail Making Test, Part A (U = 283.5, p < 0.05), and PASAT (U = 267.5, p < 0.05), as compared with those 72 patients who did not complain of concentration problems.
Relationship between subjective cognitive complaints and possibly interfering factors. In the subgroup of symptomatic patients, the possible effect of interfering factors (i.e., headache, medication, and fatigue) on subjective forgetfulness and concentration problems was tested by chi-square test with continuity correction. None of the tests proved significant. This result shows that subjective forgetfulness and concentration problems in the symptomatic group were not secondary to headache, medication, or fatigue.
DISCUSSION
The principal aim of the present study was to assess quantitative and qualitative aspects of learning and memory in an unselected sample of recently injured common whiplash patients. Clearly defined injury criteria were employed and an unselected group of patients was examined. According to the definition of the injury, patients with head trauma and thus also patients with possible brain lesions were excluded.
Subjective complaints indicative for impaired memory have been documented in previous studies (Radanov et al., 1991 (Radanov et al., , 1992 . To date, only one study on learning and memory in whiplash patients assessing both qualitative aspects of performance (e.g., error type, evaluation of learning strategies) was performed (Di Stefano & Radanov, 1995) . Many studies suggested attentional deficits in whiplash patients (Berstad et al., 1975; Kischka et al., 1991; Olsnes, 1989; Radanov et al., 1992; Schwartz et al., 1987; Yarnell & Rossie, 1988) . Although there is some disagreement on the relationship between attention and memory (Fisk & Schneider, 1984) , some authors assume that deficient attentional functioning leads to some impairment of encoding operations (Hasher & Zacks, 1979) . Thus, the question arised as to whether whiplash patients' complaints of leaky memory may reflect a memory impairment that is secondary to attentional deficits. For this reason, in the present study, learning and memory was evaluated in conjunction with attentional functioning. Although the applied memory test assesses exclusively the verbal modality of learning and memory, this fact does not appear relevant in discussing the present study's results. As brain lesions were excluded, there is no rationale to assume material-specific memory impairment. To account for this this fact, we applied the CVLT (Delis et al., 1987) , a test being considered comprehensive regarding the assessment of quantitative and qualitative aspects of learning and memory (Crosson et al., 1988) . Present results do not show a major impairment of learning and memory following common whiplash. In respect to both quantitative and qualitative aspects of learning and memory, statistical analyses did not reveal systematic differences between those patients who remained symptomatic and those who fully recovered. This is true for the baseline and the follow-up examinations. We found only one significant difference between the groups regarding the proportion of produced clusters in the delayed recall trials at baseline examination. In view of the many applied statistical analyses, this significant difference should be interpreted as an occasional finding (i.e., type I error). Moreover, the patient groups did not differ in any aspect of learning and memory from normal controls 6 months after injury.
Results of attentional functioning tests indicated that some of the investigated patients may suffer from attentional impairment early after injury. However, an improvement of attentional functioning during follow-up was documented in both groups. Nevertheless, patients from the symptomatic group complaining of concentration problems performed worse in 4 out of 7 tests assessing attentional functioning, when compared with patients from the asymptomatic group who did not complain of concentration problems. This result appears of particular importance, probably indicating that there may be a subgroup of symptomatic patients suffering from objective and subjective cognitive problems related to deficient attentional functioning. This, in turn, may indicate that whiplash patients label impaired attentional functioning as forgetfulness, which is not to be confused with objective memory problems. Additionally, the possibility that factors other than attention might be responsible for the reports of forgetfulnes should be considered. Indeed, in this sample, symptomatic patients had a lower education than asymptomatic patients. However, the subjective attentional complaints could not be explained by the adverse effects of medication or headache. In our opinion, other factors, such as pretraumatic emotional or psychosocial problems, cannot explain the existence of cognitive complaints. This is clearly shown by recent prospective research in common whiplash patients (Radanov et al., 1991) .
The explanation that we, in contrast to some previous studies (Berstad et al., 1975; Yarnell & Rossie, 1988) , could not confirm significant impairment of learning and memory in whiplash patients, may be as follows:
1. Previous research (Berstad et al., 1975; Yarnell & Rossie, 1988 ) may have included a number of patients who, additionally to whiplash injury, had suffered a mild head injury. Such an injury, even without detectable brain lesion as demonstrated by CT or MR-Scan (Eisenberg & Levin, 1989) , may lead to significant impairment of cognitive abilities (Gronwall, 1989) . 2. Poor levels of cognitive functioning in whiplash injury may be due to analgesic medication which may influence cognitive abilities, as discussed elsewehere (Radanov, Di Stefano, Schnidrig, Sturzenegger, & Augustiny, 1993) . Thus, previous studies may have neglected this fact in interpreting results. 3. Reactive psychopathological changes, such as anxiety and depression, which may result from frustration due to inability in regaining pretraumatic levels of physical, social, and professional functioning, may also lead to problems in cognitive functioning (Van Zomeren & Van den Burg, 1985) .
In conclusion, the present study's results show that complaints of memory impairment of whiplash patients, which are usually referred to as forgetfulness, indeed may reflect some degree of attentional deficit instead of problems in learning and memory.
